Purpose. Neighborhood built environments are related to obesity and physical activity (PA), but inconsistently to sedentary behaviors. This study investigated the mediating effects of PA and sedentary time on the associations of neighborhood environmental factors and body mass index (BMI) among Nigerian adults.
day, are distinct constructs with independent effects on health outcomes. 11, 12 Sitting is the most common sedentary behavior and has been associated with cardiovascular risk factors among adults, independent from PA. 13 Consequently, it is important that researchers assess both PA and sedentary time and examine them as distinct constructs, for their relations to health outcomes. 14 Environmental and policy variables are potentially important etiologic factors for creating changes in PA, sedentary time, and obesity, because environments and policies can affect large populations over long periods of time. 15, 16 Studies in developed countries have consistently found that living in neighborhoods characterized by high residential density, proximity between homes and destinations, good aesthetics, connected street networks, and pedestrian facilities such as sidewalks has been related to higher PA among adults. [17] [18] [19] [20] [21] [22] Similarly, neighborhood environmental factors and urban sprawl have been associated with overweight and obesity among adults in developed countries. [23] [24] [25] [26] [27] By contrast, there are inconsistent findings among the few studies that have examined neighborhood environment correlates of sedentary behaviors. 14, 28, 29 Some of these findings have been replicated in developing countries, [30] [31] [32] [33] [34] but additional studies are needed to guide environmental interventions in sub-Saharan African countries where the prevalence of obesity-related mortality is rising and the sociocultural and physical environments are distinct. 2, 6, 35 Because of cultural differences between sub-Saharan Africans and residents of other continents, examining country-specific data is likely necessary for identifying promising interventions that are appropriate to the local African environment and its inhabitants. Unlike the developed Western countries, where modern built environments predominate, built environments in most sub-Saharan cities are not well developed, with many unhygienic and poor environmental features. In addition, urban public parks are not common in many Nigerian cities, and low rates of car ownership may necessitate walking for transport even if the environment does not make walking safe or convenient. 36 In a previous study of our research group, perceptions of five unfavorable environmental variables that included distant access to commercial facilities, poor neighborhood aesthetics, garbage and offensive odors, feeling unsafe from crime, and feeling unsafe from traffic were associated with 40% to 60% higher risk of overweight among Nigerian adults. 35 Some of the relationships between the neighborhood environment and weight status may partially be mediated by PA and sedentary behaviors, as well as by eating patterns and sociodemographic factors, [37] [38] [39] but few studies have directly assessed these possible mediating relationships. 14 In the United States 37, 38 and the United Kingdom, 40 environmental characteristics have been related to excess weight and obesity even after controlling for PA. Santana et al. 39 found that PA accounted either directly or indirectly for the significant associations between environmental factors and obesity among residents of Lisbon, Portugal. Van Dyck et al. 14 found PA behaviors to significantly mediate the relationships of neighborhood walkability with body fatness in Belgian adults, but sedentary behavior was not a significant mediator. The primary aim of the present study was to investigate the mediating effects of PA and sitting time on the association of neighborhood environmental factors and body mass index (BMI) among Nigerian adults. Based on previous research showing a negative association between perceiving activity-friendly environmental characteristics and BMI, [23] [24] [25] [26] 35 the following hypotheses were formulated: (1) perceptions of environmental supports for PA were expected to be positively associated with PA and negatively associated with sitting time, and (2) PA and sitting time were expected to mediate a negative relationship of environmental variables with BMI.
METHODS

Design
A cross-sectional design was employed to collect information on objective BMI and self-reported neighborhood environmental factors, PA, and sitting time. All participants provided informed consent, and the study was approved by the Human Research Ethic Committee of the University of Maiduguri Teaching Hospital, Nigeria.
Setting and Sample
Maiduguri is the largest city in and capital city of Borno State, Northeastern Nigeria. The state has a population of about 4.2 million people, covers an area of 72,609 km 2 with a population density of 57 people per km 2 and a gross domestic product of $5.18 billion. 41 Administratively, the city of Maiduguri is divided into localities or wards. Localities in Maiduguri were categorized into high and low socioeconomic status (SES) areas and contained clusters of neighborhoods, defined as one or more enumeration areas with a minimum of 50 households. 42 High-SES areas were mostly inhabited by people who are employed or elites and have more than a secondary school education (12 years total), and were composed of many houses with functional potable water sources and modern sanitary facilities or flush toilets. Low-SES areas mostly had residents who are self-employed artisans or traders or are unemployed, and were composed of few houses with functional water sources and modern sanitary facilities. 42 For the purpose of this study, neighborhood walkability was evaluated based on expert opinion by a city planning expert and a member of the research team (A.L.O.) visiting both the high-and low-SES areas. The walkability components, defined as residential density, mixed land use, and connectivity from previous studies, were used to identify high and low walkable neighborhoods from each of the two locality categories, high and low SES. [43] [44] [45] The planning expert made summary judgments based on direct observation, local knowledge, and professional background. However, in practice, walkability was confounded with SES, and only high SES/ low walkable and low SES/high walkable neighborhoods exist in the city of Maiduguri. Low-SES areas were quite walkable, with mixed land use and high residential density, and high-SES areas were mostly single-family homes with separated land uses. Fifteen neighborhoods of each type were randomly selected (lottery method) from the 28 high SES/low walkable and 33 low SES/high walkable neighborhoods identified by the research team. In each of the randomly selected neighborhoods, households were enumerated on site, and all adults living in every odd numbered house were invited through home visits to participate in the study.
Among the 2970 individuals contacted for the study, 612 (20.6%) refused to participate, 301 (10.1%) were not eligible, and 2057 (69.3%) agreed to participate. Among the individuals who agreed to participate, 1411 (47.5%) provided full information on PA behaviors and environmental variables. The actual response rate was 69.3% (2057 of 2970); however, only 1411 participants provided complete survey data and were included in the analysis. The eligibility criteria included (1) living within the identified neighborhoods in the last year, (2) being age 20 to 65 years, (3) being willing to provide objective weight and height measurements, (4) not being underweight, (5) being able to walk, and (6) being able to complete or understand surveys in either English or Hausa languages. All questionnaires were administered by trained interviewers, and height and weight were measured objectively.
Measures
Anthropometry. Height was measured to the nearest .1 cm with participants barefoot and standing upright against a Holtain portable stadiometer (Crymych, United Kingdom). Weight was measured to the nearest kilogram, with participants lightly dressed using a portable digital scale calibrated from 0 to 120 kg. BMI was calculated as weight (kg) divided by the square of the height (m 2 ). The World Health Organization principal cutoff points for BMI were used to create the categories: underweight (,18.5 kg/m 2 ), normal weight (18.5 to ,25 kg/m 2 ), overweight (25 to ,30 kg/m 2 ), and obese (.30 kg/m 2 ). 5 For present analyses, participants were categorized as normal weight, and overweight or obese. BMI is considered to provide the most useful, albeit crude, population-level measure of obesity. 5 Assessment of PA and Sitting Time. The seven-item short version of the International Physical Activity Questionnaire (IPAQ-SF) was used to assess participants' self-reported PA. The IPAQ estimated the time spent being physically active in the last 7 days, and measured vigorous-intensity activities, moderate-intensity activities (walking not included), walking, and sitting time. These activity categories may be treated separately to obtain the activity pattern or multiplied by their estimated intensity in METs and added up to gain an overall estimate of PA. 46 One MET represents the energy expended while sitting quietly at rest and is equivalent to 3.5 mL/kg per minute of VO 2 . 12 The MET intensities used to score IPAQ were vigorous (8 METs), moderate (4 METs) and walking (3.3 METs). 46 Moderate-to-vigorous PA (MVPA) was computed by adding up minutes per week of moderate-and vigorous-intensity activity.
Four independent variables-the total minutes of walking, MVPA, total PA in a week (MET-min/wk), and sitting time per day-were used in analyses. For the purpose of estimating those who met the international PA recommendation of 150 minutes of MVPA per week, 12 MVPA (excluding walking) was dichotomized into either meeting the recommended level or not by reporting at least 150 min/wk of activity regardless of intensity level. To identify participants who engaged in sufficient walking, total minutes of walking was dichotomized into either meeting recommendations (at least 150 min/wk) or not. 12 The test-retest reliability (intraclass correlation ¼ .33-.73) and concurrent validity (q ¼ .78-.92) of a Hausa version of the IPAQ-SF in Nigeria were acceptable. 47 Acceptable test-retest reliability (r ¼ .70-.97) and criterion validity (r ¼ .23) compared with accelerometer monitoring has been reported for IPAQ in both developed and developing countries. 48 Environmental Assessment. An adapted version of the Physical Activity Neighborhood Environment Scale (PANES) was used to assess participants' perception of neighborhood environmental factors. 49 A detailed description of the adaptation of the Nigerian version of PANES (PANES-N) has been pub-lished. 50 Neighborhood environmental variables assessed by the adapted PANES-N included (1) residential density (one question), (2) access to destinations (three questions), (3) connectivity of the street network (one question), (4) infrastructures for PA and walking (three questions), (4) social environment (one question), (5) aesthetics (three questions), and (6) neighborhood safety (four questions). With the exception of residential density, all items were phrased as statements about attributes of the neighborhood, with the following response options: strongly disagree, somewhat disagree, somewhat agree, and strongly agree. For residential density, participants were asked about the main type of housing in their neighborhood. Perceptions of detached single bungalows or duplexes were considered as low residential density, and perceptions of many apartments of shared facilities and multiple households or apartments of three or more stories were considered as high residential density. The PANES-N demonstrated good reliability (intraclass correlation ¼ .62-1.00), 50 comparable with reliability findings among adults in the United States 51 and Sweden. 52 Construct validity was supported for 7 of the 16 items on PANES-N by associations with neighborhood type. 50 Sociodemographic Characteristics. Information on age, gender, educational level, and employment status was elicited from the participants. Educational level was classified as more than secondary school education, secondary school education (middle and high school), and less than secondary school education. Employment status was classified into employed (government/private and self-employed) and unemployed (homemaker, student, retired, or unable to find a job).
Analyses
Because all PA variables (minutes per week of walking, minutes per week of MVPA and MET minutes per week of total PA) and the sitting variable (sitting time in minutes per day) were positively skewed, a logarithmically transformed variable (log10) was used in the analyses to improve normality.
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Raw data were used to calculate the descriptive statistics (Table 1) .
To examine associations between the perceived environmental characteristics and BMI, linear regression models were constructed with BMI as the dependent variable and the environmental characteristics as independent variables. To estimate the mediating effect of PA and sitting time, singlemediator models were constructed (examining the mediating effect of potential mediators separately). SPSS
Statistics 19 and Microsoft Excel 2010
were used for all analyses.
To assess the mediating effects, the product-of-coefficient test of McKinnon and colleagues was used. 53 This test included (1) estimating the effects of environmental perceptions on potential mediators (walking, MVPA, total PA, sitting time [a coefficients]) by regressing the potential mediators onto the environmental characteristics;
(2) estimating the independent effect of the potential mediators on BMI by regressing BMI onto the environmental characteristics and the potential mediators (b coefficients); and (3) computation of the product of the two coefficients (ab), representing the mediated effect. The statistical significance of the mediated effect was calculated by dividing the product of coefficients (ab) by the total main effect of the environmental characteristics on BMI (s). These main effects were calculated by regressing BMI onto the environmental characteristics. The McKinnon product-of-coefficient test is similar to the Barron and Kenny method of mediating variables analysis, 54 but it allows calculation of the significance of the mediated effect, and the proportion (%) mediated by the respective mediator.
For all analyses, 95% confidence intervals (CIs) were reported. If the value 0 was not part of the interval, the analysis was significant at the 95% level (p , .05). All analyses were controlled for possible confounders: gender, age, working status, and educational attainment.
RESULTS
Description of Sample
The descriptive characteristics of the sample (N ¼ 1411) are reported in 7 33.8% of the study sample was overweight or obese (24.3% with BMI .25 kg/m 2 ; 9.5% with BMI .30 kg/m 2 ). Similar to another Nigerian study where prevalence of objective MVPA was 58.4%, 36 59.2% of the participants in the present study met the international PA recommendations of 150 minutes per week. The participants reported a mean sitting time of about 5 hours per day.
Main Effects of Environmental Characteristics on BMI (s)
The results of the regression analyses showed that residential density (CI ¼ À.593, À.169), access to commercial places (CI ¼ À.544, À.064), perceived aesthetics (CI ¼ À.595, À.218), absence of garbage (CI ¼ À.599, À.266), traffic safety for bicycling (CI ¼À.741, À.269), traffic safety for walking (CI ¼ À.607, À.183), and crime safety at night (CI ¼ À.580, À.248) were negatively associated with BMI ( Table 2 ). Contrary to expectations, higher street connectivity (CI ¼ .330, .579) and seeing other people active (CI ¼ .098, .551) were associated with a higher BMI. Access to nonresidential places, access to public transport, presence of recreational centers, presence of pedestrian pathways, maintenance of pathways, absence of unattended animals, and crime safety during the day were not significantly associated with BMI. Based on these findings, the potential mediators of the significant associations between environmental characteristics and BMI were further examined (nine models).
Action Theory Tests (a Coefficients)
Residential density (model 1) was significantly associated with all potential mediators, but not all associations were in the expected direction (Table  3 ). Higher residential density was related to less MVPA (unexpected direction), more walking, less sitting, and more total PA. Perceiving better access to commercial places (model 2) was only associated with more total PA. Street connectivity (model 3) was positively associated with MVPA, walking, and total PA, but also with sitting was positively associated with MVPA, walking, and total PA. Only for those potential mediators that were significantly related with the environmental characteristics were conceptual theory tests (calculation of b coefficients) conducted.
Conceptual Theory Tests (b Coefficients)
In model 1, MVPA, walking, and total PA were negatively associated with BMI after taking into account residential density (Table 3 ). In model 2, total PA was negatively related to BMI after controlling for access to commercial destinations. After taking into account street connectivity (model 3), aesthetics (model 5), and the absence of garbage (model 6), MVPA, walking, and total PA were negatively related to BMI. In model 7, sitting was not significantly associated with BMI after controlling for traffic safety for bicycling. In model 8, walking and total PA were negatively related to BMI, whereas sitting showed a positive association after taking into account traffic safety for walking. Finally, after taking into account crime safety at night (model 9), MVPA, walking, and total PA were negatively related to BMI.
Mediated Effects of PA and Sitting Time on the Associations Between Environmental Characteristics and BMI (ab Coefficients)
Self-reported walking and total PA significantly mediated the association between perceived residential density and BMI (model 1). Walking mediated 6.5% of the association, whereas total PA mediated 9.8% of the relationship. MVPA was not a significant mediator. Total PA mediated 16.0% of the association between access to commercial destinations and BMI (model 2). For the association between street connectivity and BMI (model 3), no mediating effects were found. Unexpectedly, suppression effects of MVPA, walking, and total PA were found; including these mediators strengthened the association between street connectivity and BMI. In model 5, MVPA (5.5%), walking (8.7%), and total PA (17.4%) significantly mediated the association between perceived aesthetics and BMI. In model 6, walking (10.6%) and total PA (17.6%) were mediators of the relationship between absence of garbage and BMI. For the associations of traffic safety for bicycling and traffic safety for walking with BMI, no significant mediating effects were identified. Finally, walking mediated 10.7% and total PA mediated 20.0% of the association between crime safety at night and BMI.
DISCUSSION
The aim of the present study was to investigate the mediating effects of PA and sitting time on the association of neighborhood environmental factors with BMI among Nigerian adults. The main finding was that PA behaviors and not sitting time mediated the relationships between five of the neighborhood environmental factors and BMI. Walking was the most consistent PA mediator, and total PA the strongest mediator, of the relationships between environmental variables and BMI. Walking and total PA mediated the association between BMI and residential density, absence of garbage, and crime safety at night. In addition, walking, MVPA, and total PA mediated the association between aesthetics and BMI. Overall, walking and total PA accounted for 5.5% to 20.0% of the associations between environmental factors and BMI.
When total PA was a significant mediator, it tended to be stronger than other PA measures. This is biologically plausible because total energy expenditure would be expected to have the strongest effects on BMI. Because walking is the most common PA behavior of adults 18, 55 and was the most common mediator, the present findings suggest that walking is important for explaining the connection between neighborhood environment and body weight status among Nigerian adults. A conceptual and practical case for public health research on the environmental determinants of PA to focus on the particular behavior of walking has been emphasized. 18 Walking was related to perception of neighborhood environmental features in African young adults 33 and has been linked with favorable neighborhood environmental characteristics in developing countries. 31, 32 Recommending environmental features that encourage people to walk more in their neighborhoods may be a viable strategy for Author PDF. May be distributed widely by e-mail. Posting on Web sites prohibited. prevention and control of obesity among Nigerian adults. Our finding that sitting was not a mediator of any of the associations between environmental factors and BMI is consistent with that of a previous study in Belgium. 14 Because this is the first attempt to study sedentary behavior in relation to environmental factors in the sub-Saharan African population, it may be too early to conclude that sedentary time is not an important mediator of the environment-weight status association in African adults. Probably, more specific questions on sedentary behaviors are needed, because neighborhood environmental factors might be related to particular sedentary behaviors, for instance, motorized transport or TV viewing, and not to overall sitting time as assessed in the present study. Such a pattern was found in a U.S. study. 29 Other neighborhood environmental factors, as well as home and working environment factors, that may be determinants of prolonged sitting time, may need to be taken into account before definite conclusions can be drawn about the mediation effects of sedentary behaviors or sitting time. 14 The absence of a mediating effect of sitting time could also be a reflection of the fact that most of the studied environmental factors (and mainly walkability) have been designed to examine the relationship with PA and not with sitting time. 15, [43] [44] [45] Overall, the associations of these factors with sitting time are much less consistent than the associations with PA. 14, 17, 20, 28, 29 Because the associations of five of the nine significant environmental factors with BMI in the expected direction were partially explained by PA, this suggests that environments can influence weight status through PA among Nigerian adults. These findings suggest that neighborhood environmental factors like high residential density, good access to commercial places, good aesthetics, absence of garbage, and safety from crime may not only be associated with lower BMI, but also may be important for promoting PA. Although multiple reviews have found neighborhood aesthetics to be consistently related to recreational PA and walking, [18] [19] [20] the confirmation of this finding in our study is pertinent because poor neighborhood aesthetics and unhygienic environments are salient realities in most sub-Saharan African cities. Improving neighborhood aesthetics and cleanliness in sub-Saharan Africa may encourage individuals to enjoy the scenery and engage in more PA outdoors. 33 However, safety from crime has been inconsistently and infrequently associated with PA and body weight status of adults in the international literature. 19, 20, 26, 27, 56, 57 Therefore, the mediating influence of PA on the association of safety from crime with overweight status in the expected direction in this study seems to be a unique African finding. In two previous studies in Nigeria, perceiving the neighborhood as safe from crime at night was associated in the expected direction with both objective MVPA and self-reported walking. 33, 36 This kind of country-specific finding can be important for the development of public health interventions in lowincome countries of sub-Saharan Africa, where safety issues are particularly prominent. Feeling unsafe may diminish the willingness and confidence to go outdoors to be physically active. 58 Perhaps it will be timely to advocate that health promotion interventions that focus on crime control, good neighborhood aesthetics, and land use mix access are relevant for effective PA promotion and obesity control in low-income African countries such as Nigeria.
For four of the five significant mediator models, PA accounted for similar proportions of the environmental factors-BMI association (8.7%-17.6%), but only for residential density was the mediated proportion lower. Walking and total PA, respectively, mediated 6.5% to 9.8% of the association between high residential density and lower BMI, suggesting a comparatively weaker mediating effect of PA on the residential density-BMI association. However, from the public health perspective, these proportions appear significant considering the fact that multiple other factors such as unhealthy diets and smoking contribute to the etiology of obesity. 23, 27, 39 Street connectivity and seeing people being physically active were the only environmental factors associated with BMI in the unexpected direction. However, no mediation effects of PA were found for these environmental factors, so it remains difficult to explain these discrepant findings. It was expected that seeing people being physically active in the neighborhood would stimulate participation in PA 59 and may be associated with lower BMI. 26 However, it is possible that perception of many people walking in a typical African neighborhood may be interpreted as ''pedestrian congestion'' in the African context and perceived as a barrier to PA.
Unexpectedly, we found suppression effects of PA behaviors on the associations between street connectivity and BMI. One possible explanation for this discrepant finding is that the concept of street connectivity as assessed by the adapted PANES-N may have different meaning to African residents compared with residents of developed countries. Street connectivity is a major characteristic of neighborhood walkability in the United States, 43 Australia, 45 and Belgium, 22 which has been consistently related with higher levels of PA. 17, 18, [20] [21] [22] However, in a previous study in Nigeria, the item on street connectivity (many cross junctions in the neighborhood) in the adapted PANES-N was found to be unsuitable to discriminate the concept of connectivity between two distinct neighborhoods selected to vary in walkability. 50 Also, perceptions of a more connected street were inconsistently found to be associated with PA among African young adults. 33 Present findings suggest the need for further understanding of the concept of walkability in Nigeria and perhaps in broader African regions.
Consistent with ecologic models of health behaviors, 16 the present findings provide evidence of environmental correlates that can be relevant for obesity control and prevention in the Nigerian population. Taken together with a previous country-specific finding in Nigeria that unsupportive environment variables were associated with 40% to 60% higher risk of overweight in adults, 35 present findings could have implications for policy in the control of the mortality of NCDs already occurring in this country.
Strengths of the study included a sample selected to represent a wide range of sociodemographic characteristics that is reasonably similar to the population of Maiduguri and Nigeria, objective assessment of BMI, a tested and valid measure of PA, and a neighborhood environment questionnaire systematically adapted for Nigeria. Limitations included the crosssectional design, which limits our ability to establish causality. Participants were recruited from a single city in Nigeria, which may compromise environmental variability and limit generalization of findings to other African settings. Although all analyses were adjusted for individual SES, SES was confounded with walkability in Maiduguri city, making it difficult to determine the relative influence of walkability and SES on our findings. The relatively high number of incomplete questionnaires, limiting the amount of valid data in the analyses, and the slight overrepresentation of adults who were highly educated (high SES) might reflect a selection bias of participants in this study. Possibly, many adults did not fully understand the importance of participating in this study, or those with low education had difficulty completing all sections of the survey. However, the gender distribution, and obesity and PA prevalence seem to be comparable to those of other Nigerian studies 36, 47 and representative of the Nigerian population. 7, 41 The use of the short IPAQ that does not differentiate between the contexts of PA is another limitation of this study. Only perceived measures of neighborhood environments were used, so it is not clear whether these perceptions accurately reflect the objective neighborhood. Assessing environments with single items measuring environmental constructs (e.g., residential density, street connectivity) is not optimal, but the brief surveys made the study more feasible. The study did not include measures of the food environment, which may be important in explaining obesity.
In conclusion, we found that selfreported walking and total PA significantly mediated the association of several neighborhood environmental factors with BMI. This finding was consistent with hypotheses and sug-gests that health-oriented urban planning may provide a sustainable approach to NCD prevention through increased PA and reduced overweight and obesity. Present Nigerian findings were similar to those from developed countries, 14, [37] [38] [39] suggesting similar urban design solutions have international relevance. The present study replicated a Belgian study's finding that PA, but not sedentary time, partially mediated neighborhood environment-BMI associations. 14 This could be due to the inconsistent links between built environments and sedentary behaviors. In future studies, it would be useful to use measures of specific sedentary behaviors to identify whether some sedentary behaviors are more related to the BMI of Africans than others. In the African region, when building new towns or redesigning existing ones, urban planners may be able to contribute to health promotion by designing favorable envi-ronmental attributes, such as high residential density, access to destinations/services, good aesthetics, and safety from crime, that can encourage more walking and PA and indirectly lead to a lower BMI.
SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic?
Neighborhood environment attributes have been related consistently to PA, relatively consistently to body weight status (overweight or obesity), and inconsistently to sedentary or sitting time in Western countries. What does this article add?
Because NCDs are increasing in low-income countries such as Nigeria, it is useful to understand whether there is the potential for urban planning to reduce risk of overweight/obesity by creating favorable conditions for PA. In this study, seven neighborhood environment attributes were related to BMI. Additional analyses revealed that PA, but not sedentary time, explained much of the relation between environment and BMI. What are the implications for health promotion practice or research?
Health-oriented urban planning to design for high residential density, access to destinations/services, good aesthetics, and safety from crime may encourage more walking and PA and indirectly lead to lower BMI among Nigerian adults.
